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Abstract: Companies are increasingly seeking to align their actions with the goals of the Paris
Agreement. Over 1000 such companies have committed to the science-based targets initiative
which seeks to align corporate carbon reduction targets with global decarbonisation trajectories.
These ‘science-based targets’ are developed using a common set of resources and target-setting
methodologies, then independently assessed and approved by a technical advisory group. Despite
the initiative’s rapid rise to public prominence, it has received little attention to date in the academic
literature. This paper discusses development of the initiative based upon a quantitative assessment
of progress against each component of the science-based targets set by 81 early adopters, using
information gathered from company annual reports, corporate social responsibility websites and
Carbon Disclosure Project (CDP) responses. The analysis reveals a mixed picture of progress. Though
the majority of targets assessed were on track and, in some cases, had already been achieved, just
under half of the companies assessed were falling behind on one or more of their targets. Progress
varied significantly by target scope, with more limited progress against targets focused on Scope
3 emissions. Company reporting practices were highly variable and often of poor quality. This
paper concludes with a range of recommendations to improve the transparency, consistency and
comparability of targets within this key agenda-setting initiative.
Keywords: climate; climate change mitigation; science-based targets; corporate social responsibility;
emissions reduction; mitigation target; greenhouse gas accounting; corporate; reporting; sustainability
1. Introduction
The 2015 Paris Agreement saw most nations commit to limiting global warming to
well below 2 ◦C above pre-industrial levels by ensuring a balance of greenhouse gas (GHG)
sources and sinks in the second half of this century [1]. This will require rapid reductions
in GHG emissions in excess of current international mitigation commitments [2]. Yet,
despite increased mitigation efforts from a range of actors, global emissions increased in
subsequent years prior to the COVID-19 pandemic [3]. Subnational and non-state action
can complement, catalyse, and reinforce national climate action, helping governments go
further and act faster to reduce emissions, potentially realigning emissions with a Paris
Agreement-compatible trajectory [4].
Corporate actors are increasingly disclosing information on their carbon emissions
and committing to different forms of climate action including commitments on renewable
energy, energy efficiency, carbon pricing, protection of land and investment in green bonds.
CDP (formerly the Carbon Disclosure Project) is a not-for-profit organisation providing
support for company and city level environmental impact disclosure. In 2019, 8361 com-
panies, representing over 50% of global market capitalisation, disclosed climate change
information through CDP, compared with just 220 in 2003 [5], suggesting significant growth
in corporate reporting. However, much of this increased disclosure has been criticised for
“corporate-centric”, “self-laudatory” reporting with “disclosure for the sake of disclosure”,
and performance primarily assessed against self-referential indicators that provide an
inadequate assessment of true sustainability [6]. A key question arising from the corporate
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climate action literature is whether target-setting practices are ‘symbolic’ or ‘substantive’ [7].
With the mainstreaming of corporate climate disclosure and target setting, there has been an
associated shift towards evaluating the quality and effectiveness of these commitments [8].
These criticisms have prompted a recent move towards context-based approaches to cor-
porate sustainability [6] with the use of absolute environmental sustainability assessment
methods [9] and resilience-based targets [10,11]. Such approaches link corporate targets
with wider ecological system limits, such as planetary boundaries [12]. One prominent
example of such an approach is the science-based targets initiative (SBTi) [13] which seeks
to align corporate carbon reduction targets with global decarbonisation objectives.
The SBTi is a joint initiative from the World Wide Fund for Nature (WWF), the World
Resources Institute (WRI), UN Global Compact and CDP, first launched in 2014. The
initiative encourages corporations to set carbon reduction targets aligned with pathways
that have a high probability of restricting global warming to below 2 ◦C above pre-industrial
levels (from October 2019 this has become “well below 2 ◦C” for new entrants with a
preference for 1.5 ◦C). These corporate ‘science-based targets’ (SBTs) are developed using a
common set of resources and target-setting methodologies, then independently assessed
and approved by a technical advisory group. The historic development of the initiative
and target setting is discussed further in Section S1 of the Supplementary Materials.
Although there is an extensive body of academic literature on the role of corporate
actors in delivering climate mitigation, the SBTi specifically has received little attention to
date. Many studies evaluate the discrete impact of reporting standards or schemes, with
particular emphasis on the contribution of the CDP [14–16], both to empirical emissions
performance and to normative concepts such as transparency [15]. A key concern is the
correlation, or lack of correlation, between the ambition of target setting and emissions
performance, with many noting the apparent mismatch between target ambition and
scientific requirements for emissions reductions [7,17]. Bjørn et al. [12] suggest that only a
minority of companies make any reference to ecological limits in their reporting, and there
is a prevailing sense that most corporate targets are in line with climate policy rather than
climate science [18]. This renders the lack of evidence on the effectiveness of the SBTi a
critical research gap.
As of 1 July 2020, only 21 publications indexed in Scopus contained references to
‘science-based targets’ in their title, abstract or keywords. A further 46 search results
include the term in other fields. Of those using the phrase in a relevant context, only a
handful directly address the topic (see Supplementary Materials Section S1.2 for further
details here). None of these studies provide a broad quantitative assessment of progress
against established SBTs to date. Such an assessment requires additional data collection,
as current sustainability rating schemes do not contain sufficient information to fully
determine corporate performance against climate goals [19]. One study in particular calls
for greater empirical evidence to evaluate the role of SBTs as an emerging corporate climate
governance tool [20].
Although much has been done to publicise the increasing uptake of corporate SBTs,
the initiative does not monitor progress against the approved targets, with companies left to
self-reporting and disclosure through schemes such as CDP. Though CDP tracks the number
of companies adopting SBTs and indicates the number of companies intending to set SBTs
in the coming 2 years, they do not provide a collective assessment of progress against
existing SBTs (though many companies individually report progress against their target
in their CDP disclosure). Several independent initiatives such as the Transition Pathway
Initiative and the Arabesque S-Ray tool also provide benchmarking and frameworks for
evaluating progress [21,22], and the recent launch of a CDP ‘temperature ratings’ investor
benchmarking tool is evidence of growing interest in how well company portfolios align
with long-term warming signals [23]. However, there remains a critical gap in the lack
of target-setting schemes which are fully integrated with a strong monitoring, reporting
and verification (MRV) component. To the authors’ knowledge, there has been no public
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attempt to demonstrate whether current SBTs are on track. This paper, therefore, reviews
the progress of early adopters towards meeting their SBT.
The principal research question of the current paper is: ‘Are companies on track to
achieve emissions reductions consistent with their science-based targets?’ Supplementary
questions of importance are: ‘Is target achievement influenced by the scope of the target, or
the target metric used?’; ‘Is target achievement a sign of strong action or poor ambition?’
and ‘How could the reporting of targets be improved?’ The analysis is limited to an
assessment against the targets as set through the SBTi. This study does not assess the
target-setting methodology or whether this aligns with national or global decarbonisation
pathways. Nor does this study examine broader impacts (e.g., social), equity or governance
issues, such as those identified by Walenta [20]. These considerations will be best addressed
by further studies.
Section 2 begins by reviewing uptake of SBTs to date. Section 3 sets out the means
by which the authors gathered and classified data on the earliest adopters to determine
progress against their SBT. Section 4 presents a summary of progress made by early
adopters. Section 5 discusses common issues encountered. Section 6 outlines limitations to
this study and areas for further research. Finally, Section 7 summarises key conclusions.
2. Science-Based Targets So Far
2.1. Uptake of Science-Based Targets
This section provides a summary of the companies that have participated in the
SBTi so far, and additional information on uptake by regions, company size and sector
is given in the Supplementary Materials (see Section S1.3). This section is based upon
data from the SBTi website (https://sciencebasedtargets.org/companies-taking-action/)
accessed on 29 June 2020. As of this date, 398 companies had approved SBTs, and a
further 517 companies had committed to preparation of SBTs. In 2019, Scope 1 and 2 SBTs
covered an approximate 752 million tonnes CO2e, and 3.9 Gt CO2e from Scope 3 emissions
targets [24]. Achievement of all targets would represent a 35% reduction from the baseline
emissions of all companies (ibid). The rate of target uptake can be observed in Figure 1.
Figure 1. Number of companies with approved science-based targets (SBTs) and number of companies that have committed
to developing SBTs but had not received target approval by 29 June 2020. Participation in the initiative is rapidly increasing.
Figure 1 shows both an increasing rate of new commitments and SBT approval. The
rate at which companies joined doubled between April 2018 and October 2019, when
compared to the preceding 36-month period [24]. However, Figure 1 also highlights a
large number of companies that committed to preparing SBTs in the years following the
initiative launch but have, as yet, not had a SBT approved. Whilst the SBTi aims to develop
and validate company targets within a 24-month period, at the time of writing, 175 such
companies have surpassed this timeframe. The periodic steps in Figure 1 typically represent
a group of companies collectively committing to the initiative at high-profile events.
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Figure 2 outlines uptake by sector. The companies participating in the scheme cover a
broad range of activities, with certain sectors, such as real estate and food and beverage
processing, increasing rapidly over the past 18 months as market leaders were followed
into the scheme by competitors. See Supplementary Materials S1.3 for more discussion
of recent sectoral trends. Note that the SBTi generally uses sector classifications from
the Global Reporting Initiative’s (GRI) Business Activity Groups with some exceptions
(e.g., merging ‘Water Transportation’ groups and introducing a ‘Commercial services and
supplies’ category). The collective category of ‘Other sectors’ in Figure 2 includes all sectors
with fewer than 15 companies. In total, companies from 47 of the 52 different sectors
distinguished in the GRI Business Activity Groups have participated in the initiative so far,
suggesting a broad appeal.
Figure 2. Companies committing to and setting SBTs by sector. Participating companies represent a broad range of industries.
In addition to the 915 companies that have committed or set a SBT at the time of
writing, hundreds more are likely to commit in the coming years. In total, 12% of the
5600 companies responding to the 2018 CDP Supply Chain Program anticipated setting
SBTs in the next 2 years [25]. Similarly, according to CDP responses, 228 European compa-
nies anticipate setting SBTs in the next 2 years [26]. The initiative has also gained many
high-profile supporters, for example, the Japanese Ministry of Environment aims to have
100 Japanese companies with SBTs by end of 2020 [25] and dedicated financial support is
available to support Japanese companies in setting SBTs [27]. The initiative’s stated overall
aim is that “science-based target-setting will become standard business practice” [28].
Although there are reasons to be somewhat sceptical of this anticipated level of uptake—for
example, past CDP responses indicating intention to set SBTs lag behind observed uptake—
there are likely to be a substantial number of additional companies joining the initiative in
the coming years.
2.2. Target-Setting Methodology
Companies with approved SBTs to date have adopted a range of different target-
setting methods, boundaries, metrics, and levels of ambition. These are underpinned
by different carbon budgets, emissions scenarios and allocation approaches (see [29] for
an overview of the SBT development process). A growing number of companies have
explicitly sought to align their SBT with ‘1.5 ◦C’ pathways, although the majority initially
opted for ‘2 ◦C’ pathways. This recent tendency towards 1.5 ◦C pathways has been driven
by the United Nations Global Compact’s ‘Business Ambition for 1.5 ◦C campaign’ [30] and
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changes introduced to the initiative in 2019 to require new entrants to adopt well below 2
or 1.5 ◦C targets [31]. In September 2020, the initiative also outlined the foundations for
net-zero target setting, with the launch of a SBTi net-zero standard expected in November
2021 [32].
Although there are a range of different target-setting methods (see [28] for details),
the Sectoral Decarbonisation Approach (SDA) [33] has proved by far the most popular.
The SDA predominantly uses the International Energy Agency 2017 Energy Technology
Perspectives global sectoral scenarios to compute sectoral intensity pathways from which
commensurate company targets can be derived. The approach implies an intensity con-
vergence for homogenous industries, such as cement and aluminium whom have one
standard output, and an absolute contraction for ‘other industry’, i.e., industries that are
not individually distinguished but collectively aggregated in the IEA model. Although
developed with broad stakeholder input and widely used, this approach has been subject
to some criticism where applied to heterogeneous sectors (e.g., construction where firms
produce a diverse range of outputs [34]). Companies ultimately set absolute or intensity
targets using a mix of physical and economic metrics. Physical metrics include emissions
per kWh, per m2 of office space and so forth. Economic metrics include per unit of gross
value added (GVA), per unit of sales and so forth.
The boundaries of these targets vary between companies and may include some or
all of their Scope 1, Scope 2 and Scope 3 emissions. Scope 1 emissions are direct GHG
emissions that occur from sources that are owned or controlled by the company (e.g., the
direct combustion of fuel in the operation of facilities). Scope 2 emissions are indirect
emissions from generation of energy purchased by the company (e.g., emissions incurred
in the generation of electricity or heat purchased by the company). Scope 3 emissions are
other indirect emissions incurred as a consequence of the activities of a company, but at
sources not owned or controlled by the company (e.g., emissions incurred upstream in a
supply chain producing base materials used in the manufacture of a company’s product).
See the GHG Protocol Corporate Accounting and Reporting Standard [35] for a more
detailed description of each scope.
Participants in the SBTi are obliged to include company-wide Scope 1 and Scope 2
emissions (with exclusions up to a 5% significance threshold) [36]. Scope 3 emissions are
often significantly larger than Scope 1 and 2 sources, for example, amongst participants
in the 2018 CDP Supply Chain Program upstream emissions were on average 5.5-fold
greater than those related to a company’s direct operations [25]. For SBT approval, a Scope
3 screening must be conducted, and where a company’s Scope 3 emissions are 40% or
more of total Scope 1, 2, and 3 emissions, a Scope 3 target is required. This Scope 3 target
may take the form of an emission reduction target or supplier engagement target (or both).
Some companies have opted for a combined Scope 1, 2 and 3 target-others have addressed
these separately. Recognising more limited control and influence, Scope 3 targets need not
be ‘science based’ and the associated criteria for SBT validation have changed over time.
Current criteria at the time of writing (version 4.1) requires a target that covers at least
two-thirds of total Scope 3 emissions and demonstrates an appropriate “level of ambition”,
i.e., delivering absolute reductions consistent with the level of decarbonisation required to
keep global temperature increase below 2 ◦C compared to pre-industrial temperatures; a
7%/annum reduction in emissions per unit of value added or 2%/annum reductions in a
physical intensity metric [36]. Prior criteria (v2) simply required companies to demonstrate
how they were “addressing the main sources of GHG emissions within their value chain
in line with current best practice” [37]. This is one of a number of areas in which criteria
have been strengthened over time. A further example is the newly introduced requirement
to adhere to recently published sector-specific guidance. Given this evolution, many
companies that established SBTs in the early years of the initiative will not be compliant
with some current criteria.
Thus, through a combination of changes in guidance and deliberately flexible ap-
proaches to accommodate differing sectors and levels of ambition, a wide range of targets
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have arisen that are all considered ‘science based’. Given the large number of firms recently
committing to the initiative, it is pertinent to ask whether early adopters of SBTs are meet-
ing their commitments. Five years on from the start of the initiative, are these companies
on target?
3. Materials and Methods
3.1. Data Gathering
To assess the progress of early adopters of SBTs, the authors conducted a review
between February and July 2020. The review started by considering all 92 companies
that had approved SBTs prior to the end of February 2018. This cut off was chosen to
include all companies reporting at least two years of progress against their SBT. The authors
used public sources such as company annual reports, corporate social responsibility (CSR)
websites and CDP responses to compile emissions data for each company corresponding
to their target metrics. The complete dataset can be accessed as part of the Supplementary
Materials. The dataset includes information on each company’s target (short description,
baseline year, target year, functional unit, reporting scope, etc.), the data sources from
which emissions totals were obtained, as well as a range of supplementary information (e.g.,
latest CDP score, sector and country), and notes on assumptions made, where required,
and reasons given for outliers. Additional data on annual operating revenue and total
employees from the ORBIS database [38] was also used to provide context. Challenges
experienced in data gathering are discussed in the Supplementary Materials Section S2.
Some of the information will now differ from that published on the SBTi website, where
companies have revised their targets in the period between data collection and publication.
For instance, Colgate Palmolive Company revised their targets to align with a 1.5 ◦C
trajectory subsequent to the analysis presented here.
3.2. Target Classification and Terminology
For the purposes of this review, a common terminology was adopted as follows.
Where a company set a SBT using a number of different metrics, each was considered as
a separate target. Consequently, one company with a single SBT could have a number of
targets. For instance, “HUBER + SUHNER Group commits to reduce Scope 1 and 2 GHG
emissions per added value 30% by 2025 from a 2015 base-year. HUBER + SUHNER Group
also commits to reduce Scope 3 GHG emissions per added value 30% by 2025 from a 2015
base year.” This is considered to be one SBT comprised of two targets.
The authors classified the targets as primary, secondary, or tertiary (not to be confused
with Scopes 1, 2 and 3), depending on their relative importance or coverage of a company’s
emissions. In the HUBER + SUHNER example, the Scope 1 and 2 emissions target is
considered primary, and the Scope 3 target secondary. However, a primary target could
feasibly be a Scope 3 target if this comprised the majority of a company’s emissions, for
instance in a telecommunications or other service-based firm. Primary and secondary
targets were generally quantifiable emission reduction targets, whilst tertiary targets were
often commitments which were difficult to quantify or focused solely upon supplier
engagement. Tertiary targets often took the place of Scope 3 emission reduction targets, as
a means of influencing value chain emissions where a company may not have had capacity
to conduct a full Scope 3 inventory. For instance, train operator Thalys initially committed
to “engage with maintenance management suppliers to formulate more explicit targets” in
order to reduce 50% of the company’s Scope 3 emissions. This classification of targets into
primary, secondary and tertiary groups allows an assessment of company progress in a
manner that prevents a company that has set multiple targets for different parts of their
operation from impacting the results more than a company that has adopted a single target
to capture all emissions. Therefore, the results for primary targets better represent company
achievement of the most important targets and offers a valuable assessment of progress.
Primary and secondary targets were set using either absolute or intensity metrics.
A range of functional units for intensity-based targets were observed, and these were
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grouped into economic intensity targets (e.g., metric tonnes CO2e per £ of GVA) and
physical intensity targets (e.g., metric tonnes CO2e per litre of product sold).
3.3. Assessment of Progress Against Target
In some instances, companies explicitly stated or plotted progress against their SBT
trajectory in their reporting, though this was rare. In most cases, it was necessary to
compare the reported emissions against an assumed linear reduction trajectory from the
baseline year to the first target year (e.g., if a company reported a SBT to 2025 from a 2015
baseline alongside a longer-term target for 2050, progress was assessed against a linear
reduction trajectory from 2015 to 2025). This was considered a reasonable assumption
as SBT trajectories are typically translated into linear reduction rates as part of the target
development process. For context, current minimum linear reduction rates for new entrants
aligned with 1.5 ◦C or well below 2 ◦C are 4.2% and 2.5%/annum, respectively [29].
Companies were then deemed to be behind target if emissions had increased or reduc-
tions to the most recent reporting year were less than would have been required by a linear
or stated trajectory. Companies were deemed to have had their target achieved if reductions
to the most recent reporting year exceeded required reductions in the target year (e.g., if a
company targeted reductions of 45% by 2025 but had already achieved reductions of 55%
by 2019). It should be noted that this does not mean the company will necessarily achieve
its target in the long term, as emissions could go up in subsequent years. If reductions to
the most recent reporting year matched or exceeded the required reduction trajectory but
had not yet achieved their ultimate target, then a company was deemed to be on target.
In all cases, the authors also tried to catalogue emissions in the reporting year in which
the company had their SBT approved. The intention behind this being to determine the
share of the target that had already been met prior to target validation. However, it was
not possible to gather this information in all cases, if, for example a company revised its
reporting methodology in a subsequent year to SBT setting and did not restate emissions
for preceding years (with the exception of the baseline year).
3.4. Final Sample Description
The final sample set consists of 133 primary and secondary targets from 81 companies,
summarised in Figure 3 below. In total, 2 of the 92 companies in the original sample
were omitted as the company had been involved in a merger, meaning that their original
targets were no longer valid. A further nine companies were omitted as there was not
sufficient data available on their targets to include the company in the analysis. These were
classified into 81 primary and 52 secondary targets. In total, 35 targets use intensity-based
metrics and 98 use absolute metrics. Of the 35 intensity-based metrics, 26 were physical and
9 economic. A total of 35 different metrics were used—reflecting a broad mix of physical
products, preferred reporting units and currencies. The target scopes are summarised in
Table 1 below. A variety of baseline years were adopted, amongst which 2015 was the most
common (35% of sample targets). Similarly, a variety of mid- and long-term target years
were adopted, of which 2030 was the most common (35% of longer-term target dates). In
addition to these primary and secondary targets, 22 tertiary targets were identified from
15 companies, though only a minority of these were reported against. The companies
in the final sample have a combined annual turnover exceeding $1.8 trillion and employ
over 5.9 million workers. The following section summarises headline progress against
the targets. Full results from the review are available in the Supplementary Materials
Section S4.
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Figure 3. Summary of sample targets. Each glyph represents a target. Vertical lines indicate the
baseline and target years. Circles indicate the month of target approval by the initiative. Colour
indicates the target scope. The 133 sample targets cover a broad range of timeframes and ambition.
Table 1. Scope of sample targets.
Target Scope Targets
Number % of Sample
Scope 1 only 6 5
Scope 2 only 2 2
Scope 3 only 31 23
Scope 1 and 2 combined 64 48
Scope 1, 2 and 3 combined 30 23
3.5. Methodological Limitations
A key limitation to the findings is in attributing the emissions reductions by com-
panies to participation in the SBTi. That is, there are questions of the true additionality
of SBTs, where reductions may not have been solely motivated by the scheme. The real
contribution of the SBTi to mitigation may then be variable between firms, and beyond
the scope of this assessment to determine. Additionally, data on the early adopters may
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not be representative of firms now adopting SBTs. Successive revisions to the criteria
as well as ongoing learning processes in carbon disclosure could enable late adopters
to more effectively set and progress against SBTs, as has been the case with companies
better performing in CDP ratings. As noted regarding the gap between commitment and
approval, it may also be the case that companies are awaiting specific sector guidance
before developing/validating their targets, leading to possible misrepresentation of which
sectors are ‘leading’ and which appear less committed. For example, October 2020 saw the
release of sector-specific guidance for financial institutions, a sector which has had a notable
gap between commitments and target approval (Figure 2). In other words, participation
may have been delayed due to the need for more targeted support. The linear assumption
of progress is a further limitation on the result, as is the sample size. These factors are
discussed further in the Supplementary Materials (Section S3).
The information included in the analysis is correct to the best interpretation of the
authors and is available in full in the Supplementary Materials Dataset. If you note
any errors requiring correction, please get in touch. The authors welcome proposed
methodological refinement and replication of this study. It may be particularly informative
to repeat this assessment after companies have had a longer period to embed their SBT.
4. Results
This section provides a summary of progress against targets set by early adopters of
SBTs. This is based upon analysis of the sample described in the preceding section. Results
are presented against a range of parameters, such as target scope. Given the small sample
size, it was not possible to make meaningful comparisons across some characteristics e.g.,
sector, where the 81 companies were divided among more than 20 different classifications.
Tabulated results are available in the Supplementary Materials (Section S4.1). Additionally,
the Supplementary Materials include results showing details of tertiary target progress
(Section S4.2) and the variation in progress by region of the company, CDP score and
annual operating revenue (Sections S4.3–S5).
4.1. Progress by Target Classification
Figure 4 summarises progress against the identified primary and secondary targets.
Nearly two-thirds of all sample targets were either on track or had already been achieved.
This includes positive progress against the majority of primary targets (70%), with a
greater proportion falling behind on secondary targets. Tertiary targets were generally
more difficult to measure progress against, with findings detailed in Section S4.2 of the
Supplementary Materials.
Figure 4. Progress by target classification. The majority of targets are on track.
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Figure 5 shows the progress of sample companies across their full SBT. In total, 49% of
companies were falling behind the target trajectory on at least one target element of their
SBT. In total, 9 of the 81 companies in the sample had already achieved all their targets.
Figure 5. Company progress against SBTs. Nearly half of companies are behind on at least one element of their science-based target.
Figure 6 summarises each target by status. Unsurprisingly, the majority of targets
that have already been achieved were short term (15 with a target date of 2020, 1 by 2022,
7 by 2025, and 5 by 2030). Indeed, some of the targets were already achieved during the
calendar year in which the SBT received approval. For instance, as part of their SBT, Fujitsu
Limited committed to reduce Scope 3 emissions from goods and services and the use of sold
products by 30% by 2030 against a baseline year of 2013. It appears that this had already
been achieved by the time of target approval in August 2017 (indeed Fujitsu’s emissions
from these sources were already below the required level before the SBTi launched).
Figure 6. Targets by status. Progress to date varies by target timeframe and ambition. Behind target (a), on target (b), target
achieved (c).
4.2. Progress by Target Scope
Figure 7 summarises the sample targets by scope, with Figure 8 summarising progress
against them. Figure 7 highlights the generally smaller reductions targeted for Scope 3
emissions, reflecting both the challenges in delivery and that these targets need not be ‘sci-
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ence based’ for approval. In total, 75% of the targets that do not include Scope 3 emissions
(i.e., Scope 1, Scope 2, and Scope 1 and 2 combined) are on track or have already been
achieved. Meanwhile, 48% of targets incorporating Scope 3 emissions categories are behind
target. This suggests that early adopters have been making greater progress on reducing
Scope 1 and 2 emissions but have found Scope 3 emissions reduction more challenging.
Figure 7. Targets by target scope: scopes 1, 2 and 1+2 combined (a), scopes 1, 2 and 3 combined (b), and scope 3 only (c).
Scope 3 targets typically entail lower reduction levels.
Figure 8. Progress by target scope. Scope 3 targets are more likely to be behind than Scope 1 and 2 targets.
4.3. Progress by Metric Classification
As indicated in Table 2 and Figure 9, there was no substantial difference in progress
towards target achievement between companies using absolute and intensity metrics. In
total, 63% of targets assessed using an absolute metric were on target or have already been
achieved, compared with 69% of targets using an intensity metric. Similarly, no substantial
difference in progress against targets was observed between companies adopting economic
and physical intensity metrics. All companies that were on target or had achieved tar-
gets with intensity metrics had also reduced absolute emissions. This suggests that the
initiative’s current approach to ensuring emission intensity targets also result in absolute
emission reductions is working.
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Table 2. Target progress by metric classification.
Metric Classification
Behind Target On Target Target Achieved
Number % of Sample Number % of Sample Number % of Sample
Absolute 36 27 44 33 18 14
Intensity 11 8 14 11 10 8
of which
Economic 4 3 2 2 4 3
Physical 7 5 12 9 6 5
Figure 9. Target progress by metric classification. There has been no substantial difference in progress towards target achievement
between companies using absolute and intensity metrics.
4.4. Progress Attributable to Baseline Selection and Reductions Prior to Target Approval
A clear difference in target progress to date was observed when considering the
baseline year and progress already made in years prior to target approval by the initiative.
Figure 10 compares the targets based upon progress already achieved by the year of
target approval.
Figure 10. Percentage of target already achieved by year of target approval for targets that are (a) behind target, and (b) on
target, and for (c) target achieved. Each coloured line represents a target. The green box in (c) highlights targets that were
achieved within the year of target approval. Companies were more likely to have already achieved their target if they adopted an
earlier baseline year and delivered greater reductions prior to target approval.
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It is evident from Figure 10c that the majority of targets that have been achieved had
already made significant progress prior to the year of target approval by the initiative. In
total, 25 of the 28 targets that had been achieved to date had already delivered greater than
40% of the targeted reductions by the end of the year of target approval. Indeed, those in
the green rectangle in Figure 10c exceeded the target reduction levels within the calendar
year of target approval.
It should be noted that progress exceeding 100% against a target in the year of target
approval does not necessarily imply that the target had already been achieved at the point
of approval by the initiative—the target may have laterally been achieved in the same
calendar year or through subsequent historic revisions to datasets. In many cases, it may be
that the target was approved by the initiative based upon historic data and steep reductions
were achieved by the company in the year of target approval.
The targets that were already achieved more frequently used earlier baseline years,
such as 2010 or 2013. In contrast, a notable proportion of the companies that were be-
hind target used more recent baseline years such as 2014 and 2015 and had more often
seen emissions increase between the baseline year and the year of target approval by
the initiative.
4.5. Statistical Analysis
Statistical bootstrapping techniques were used to examine the significance of the
differences seen in target progress by various features of the company or target. Table 3
shows the variation of percentage of targets achieved or on target for these different
groups. The 95% confidence interval is determined by assuming the included results are
a sample of a larger population, and so estimate what may be seen as the scheme grows
and more companies report. The significance of the differences seen between these groups
is determined by calculating the chance of these differences being observed if there was
in fact no difference between the groups (the null hypothesis), using a permutation test.
The p value shows the likelihood of the null hypothesis given the observed data. Generally,
a p value of 0.05 (i.e., a 1 in 20 chance that the null hypothesis is true) is adopted as an
indicator of statistical significance and a rejection of the null hypothesis.
Table 3. Statistical differences between groups.













Only Scope 1 and/or
Scope 2 emissions 72 75% 65–85%
<0.01
Includes Scope
3 emissions 61 52% 39–66%
Target metric
Absolute 98 63% 54–72%
0.36
Intensity 35 69% 54–83%
The results in Table 3 show a significant difference between targets that include Scope
3 emissions and those that only cover Scope 1 and/or Scope 2. There is no significant
difference in the results observed when grouped by the type of target metric. A significant
difference can also be observed between those targets classified as primary or secondary
(not shown here). However, a much larger proportion of primary targets only cover Scope
1 and/or 2 emissions (77%) in comparison to secondary targets (19%) which is likely a
confounding factor. Targets that include Scope 3 emissions have a similar target year to
those that only cover Scope 1 and 2 (median for both groups is 2025, mean is 2026 and 2027,
respectively). Therefore, it does not appear that the targets that include Scope 3 emissions
are more likely to be behind target due to being of longer term.
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5. Discussion
The principle aim of this paper is to assess whether companies that have set science-
based targets are in-line to achieve these targets, given their progress to date. Overall, 21%
of targets have already been achieved, and 44% are on target, with 35% behind target (see
Figure 4). Half of companies were on target (or had achieved) all their targets, with 23% of
companies being behind on all targets (shown in Figure 5). It is, therefore, evident that the
majority of targets are set to be achieved, given current progress.
Whether a target is in-line to be (or already) achieved, is strongly influenced by the
scope of emissions covered. Targets that include Scope 3 emissions are more likely to be
behind target. In total, 75% of targets that do not include Scope 3 emissions are on target or
achieved, this drops to 52% when Scope 3 targets are included (see Table 3). This difference
was found to be statistically significant. Companies have been less successful in reducing
emissions for which they are indirectly responsible. Reducing emissions embodied in
a company’s purchases and influencing suppliers to the company, or consumers of its
products, to reduce their emissions appears more challenging in comparison to changing
internal operations. It may also be the case that alternative low-carbon options for some
Scope 3 emissions (e.g., business travel) are not being pursued. No significant differences
in target progress were observed for absolute versus intensity-based target metrics. In
addition, companies that were on target or had achieved targets with economic intensity
metrics had also reduced absolute emissions. The authors expected intensity targets may
be used for companies to continue to increase absolute emissions as they grew, whilst
claiming progress in emissions reduction. It is heartening that this is not the case. The
major limitation with the findings presented here is the assumption of linear progression
towards the target. In the absence of additional information, this is the most reasonable
assumption. However, some companies could claim (perhaps rightfully) that although they
might be behind target under this linear assumption, they still expect to meet their final
target given their future plans. It should be noted, however, that due to the importance
of cumulative emissions, targets will be less effective if a larger proportion of reductions
occur later in the target period.
This assessment of target progress leads to a broader consideration of whether being
on target, or having achieved a target, indicates strong action or poor ambition from a
company. The SBTi is a relatively young initiative (launched in 2014) and 18% of targets
have been achieved at the time of this assessment (i.e., in the reporting prior to July 2020),
with many achieved within a calendar year of target approval. Given the significant
progress towards many of these targets within the year of target approval, highlighted
in Figure 10, this raises questions about how challenging these targets were and whether
the initiative has caused any additional action at these companies. There are a number
of plausible explanations for this early achievement of a target. A company may have
delivered significant emissions reduction during the initiative’s target validation period
or within the months following approval. A company may have subsequently updated
emissions data for preceding years (for example, utilising additional supplier information
or corrected factors), or, in some instances, the target may have been approved despite
it already having been achieved because it was in line with the required reduction rates.
Whilst version 2.0 of the validation criteria the SBTi states that “targets that have already
been achieved by the date they are submitted to the SBTi are not acceptable” [37], it is
unclear whether this criterion was applied to the earliest adopters, particularly in the case
of secondary targets. Many of the targets are fairly short term, with a median target year
of 2025 across all targets. Short-term targets may result in more immediate action than a
challenging long-term target. However, it is still unclear whether in cases of early target
achievement the SBTi has inspired rapid action, or rewarded historic achievement.
The approval of a company’s target by the SBT scheme is a recognition of the align-
ment of the company target with wider science-based targets. However, there is still the
opportunity for companies to show different levels of ambition having met the criteria for
acceptance within the scheme. Given the variation in baseline year, target year, emissions
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scope, metric adopted and the unknown in terms of action of the company before the
baseline year, it is not possible to make precise statements about the ambitiousness of one
company’s target in comparison to another company. However, the large spread in terms
of the percentage reduction in each target indicates the variation of ambition in broad
terms. Introducing standard criteria for target setting could increase comparability between
companies. For example, requiring that there is a consistent choice of base year would
mitigate the effect of companies deliberately choosing a year with favourable emissions.
In practice, this could mean that all companies validating a target in the same year would
have the same baseline year, unless given specific exceptional circumstances, improving
comparability within the scheme. This could avoid the potential case of companies ‘gaming’
their targets to maximise headline reductions.
The task of collating data for the current study gave the authors an insight into
the various reporting practices of the companies involved in the SBTi. Whilst company
targets are listed on the SBTi website, the reporting of target metrics is not undertaken
by the organisation and, in the current work, required data gathering from the reporting
documents of individual companies. Reporting practices were variable in terms of the
clarity, and how (and whether) the target metrics were transparently reported. In total,
35 of 168 targets (21%) had to be excluded from the current study as there was not sufficient
publicly available information to assess target progress. Additionally, a number of the
targets that were included required considerable effort in gathering sufficient data for this
assessment. In the best case, a metric was clearly reported by the company (in an annual
sustainability report or similar, with a downloadable data file being optimal) with a clear
time series showing the metric for previous years, including, importantly, the value of
the metric in the base year. The following points indicate common departures from this
best practice.
• The metric is clearly reported for the year of the corporate report, but for previous
years, earlier reports must be used. In addition to being more time intensive to collect
data from multiple sources, there may be concerns about the consistency of the data
between reporting years, as methodology may be revised.
• Progress towards the target is given in relative terms, with the absolute figure for
the base year metric not available in the most recent report, giving similar concerns
regarding methodological consistency as above. In the worst cases, the absolute value
of the base year metric was not available.
• It is not clear which metric is the correct target metric. This can be due to a lack of
clarity in the target-setting document or the annual reporting. For example, Scope 2
emissions may be reported in location-based and market-based terms, with the target
only referring to Scope 2 emissions.
• The metric is not directly reported but constituent parts are. For example, in the
case that the target metric is intensity based, absolute values need to be combined to
calculate the target metric. In the worst cases additional sources, including those not
directly produced by the company, are needed. For example, economic output data
must be collected from a separate source. Concerns about consistency again arise here.
• The annually reported metrics include the effect of offsets, which are not allowable
under the SBTi guidance.
• The target metric and/or the base year information is not reported through any
publicly available source.
If the SBTi required specific reporting, rather than general disclosure, it could increase
the effectiveness of the scheme. Although the initiative represents enhanced rigor in the
process of target review and validation, without a mandatory reporting framework, there
is no penalty for lack of progress against a target. This could result in weaker corporate
action where there is no financial or even reputational risk associated with non-compliance
and, with the lack of transparency, it could be accused of greenwashing. There may be
a desire to avoid an additional reporting burden on companies, or concern that publicly
reporting targets could discourage companies joining if they risk not achieving targets.
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However, such a requirement may inspire stronger action in those that do join through a
competitive element.
If the SBTi is averse to collating and reporting company progress itself, another option
is for the scheme to require participants to adhere to reporting guidelines that would
considerably improve the reporting practices. It is recommended that companies indicate
where their target progress will be reported (for most this is currently an annual report
or an area of their website), and that in this location there exists, grouped together and
signposted as, SBT metrics:
• A clear stating of the current target(s). The units used should avoid any ambiguity.
• Annual results reported in the same metric as the target(s) from the baseline year of
the target to the most recent year available. This should not exist only as a chart, but
must include numerical data, which shows absolute values, not only relative changes.
• If methodology or other updates occur all historic data should be revised to allow an
assessment of target progress.
• Optionally, an indication of progress against a planned trajectory (here a chart would
be acceptable).
It is assumed that any company which is seriously participating in the SBTi would
already be recording this data internally to monitor progress and so there is no additional
burden on the companies in collecting data. Such an addition to the scheme could also have
the added benefit of discouraging the setting of targets in inappropriate or less meaningful
metrics. This requirement could also discourage the participation of companies who
desire the reputational benefits of a science-based target, but do not intend to undertake
related action.
It was unclear whether a primary objective of SBTi was to broaden or improve the
quality of participation in emissions reduction activities, but as a voluntary initiative there
are key constraints to what is achievable. There is a limited capacity for advanced voluntary
initiatives to broaden participation, given the trend for disproportionately attracting those
companies already engaged in CSR activities and with the capacity to conduct emissions
inventories. The significant proportion of the sample already highly graded by CDP would
support that the SBTi has limited reach in widening the types of companies participating
in voluntary emissions reduction activities. The SBTi’s own research found that of a
sample of the world’s 70 ‘largest publicly listed corporate emitters’, only 5 had a target
based in climate science [1] (pp. 6–7), but 81% of the top 500 global companies by size
had some kind of emissions reduction target as of 2014 [1] (p. 3). From this, it can be
seen that since most major companies have emissions targets in place, the SBTi’s most
valuable role comes in converting these targets to be consistent with the climate science
consensus. In April 2020, the initiative announced the development of a streamlined
target-setting route for small- and mid-sized companies (SMEs) [39]. At a surface level, this
intent to broaden participation by overcoming resource, technical skills and other capacity
constraints in businesses with under 500 employees is a key advance, since such companies
could cumulatively pose a significant source of emissions. However, at the time of writing,
this is yet to lead to significant numbers of SMEs engaging with the SBTi. Additionally, the
companies currently involved are dominated by those based in Europe (see Supplementary
Materials Section S1.3). Therefore, in widening the reach of the scheme, more geographic
diversity should be sought.
6. Areas for Future Research
Although beyond the scope of the current analysis, there are a number of research
questions which would contribute towards the ongoing evaluation of the effectiveness of
the SBTi, in itself and as a framework for voluntary action. Re-evaluation of the sample
companies on a longitudinal basis would be valuable in assessing progress, particularly
after the new 1.5 ◦C SBTi target-setting criteria have been more widely adopted. This
would also allow comparative analysis of the performance and ambition of new entrants
against existing participants.
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Building on this largely quantitative analysis, there is also scope for qualitative work
in this area. Further research could identify the reasons companies give for participating
in the initiative and whether this has changed their practices, in order to better under-
stand corporate motivations. This could valuably be carried out using a case study and
interview-based approach. Many of the companies within the sample either represented
the parent group of a number of subsidiaries, or were themselves subsidiaries. Another
area of qualitative interest could be in the processes of target setting within conglomerates,
and whether top-down frameworks with cascading targets are imposed, or if there is
independence in each of the subsidiary groups to account for diverse regional operations.
The extent to which targets cover the largest sources and scopes of the company’s
emissions would also be a valuable question for further research. For instance, the largest
proportion of a company’s emissions may be Scope 3, but their primary SBT may only
address scopes 1 and 2. This would require extensive secondary analysis, which was not in
the initial remit of this study. Indexed data on company performance against sector and
regional averages would also allow more nuanced comparison of progress, but at present
this data is currently limited and not readily accessible.
A key area for future analysis would be in how targets align with pre-existing national
commitments. The majority of companies signed up to the SBTi are located in wealthy
Annex I nations, to whom the principle of common but differentiated responsibility and
respective capacity (CBDR&RC) demands a higher level of ambition compared with the
global average. Given that many SBTi targets are set using the global IEA 2017 Energy Tech-
nology Perspectives scenarios, for firms located in Annex I nations, targets aligned with
these scenarios are unlikely to be consistent with national responsibilities for mitigation as
defined by the Paris Agreement or recently strengthened Nationally Determined Contri-
butions. For an SBT to be considered as aligned with 1.5 ◦C, an annual decarbonisation
rate of 4.2% must be achieved [29]. This is significantly lower than some assessments of the
required decarbonisation rates of Annex 1 countries, under the ‘CBDR&RC’ principle in
the Paris Agreement [40]. Assessing whether company commitments are behind or beyond
the level of ambition established in national mitigation frameworks would help to clarify
whether appropriate levels of responsibility are being shared internationally, and how the
company commitments contribute to global mitigation when aggregated.
This raises a further question regarding whether corporate voluntary initiatives, such
as the SBTi, displace or discourage direct government action towards achieving national
mitigation targets. Literature exploring voluntary environmental initiatives has questioned
the extent that firms pre-empt government regulation with less-costly voluntary action,
aiming to discourage government action [41]. The limitations of the SBTi highlighted in this
paper should prompt further research exploring how the SBTi interacts with government
policy making to mitigate corporate GHG emissions.
7. Conclusions
This review of the progress of early adopters in meeting their SBT has shown that the
majority of targets assessed are on track at the current rate of progress, with 21% of targets
already achieved and only 23% of companies behind on all targets (see Figure 5).
Target achievement did appear to be influenced by the choice of target scope, although
not of target metric. We find a statistically significant difference in progress between those
targets including Scope 3 and those for Scope 1 and/or 2 only (see Table 3), suggesting that
target progress is somewhat dependent on target design and that companies may have less
control over emissions for which they are only indirectly responsible. This is also reflected
in the number of companies setting a qualitative target to address Scope 3 emissions.
However, we found no statistically significant difference in the progress of companies
employing intensity based as opposed to absolute target metrics. Of those targets that had
already been achieved, many were short term. This questions whether target achievement
is a function of strong action or weak ambition, and whether participation in the SBTi
has driven the reductions or whether the reductions were incidental to participation. It
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is difficult to attribute emissions reductions to involvement in the SBTi since there is no
counterfactual evidence. It was also found that targets that had been achieved made use of
an earlier baseline year, potentially rewarding historic emissions reductions and suggesting
that the choice of baseline year could be a significant determinant of target progress.
Regardless of the quantifiable effectiveness debate around the SBTi, the initiative has
a key agenda-setting role in its development of a context-based target-setting methodology.
However, it is arguable that, without a mandatory reporting component, the initiative does
not represent a substantive tool for achieving these greater levels of ambition, and poses
no penalties for lack of progress against a target. Reporting practices across the companies
assessed were highly variable and often of poor quality. Integrating a robust reporting
requirement to the SBTi could improve transparency, consistency, and confidence in the
validity of corporate involvement in such voluntary schemes. It could also improve the
comparability of targets and facilitate more accurate assessments of progress.
Although it is possible that a reporting dimension could discourage current and
potential participants, we argue that any company substantively interested in committing to
emissions reductions would already be recording such data internally. Therefore, a stronger,
standardised reporting process would pose no significant additional administrative burden
to involvement. We identify that reporting target progress could be improved in several
ways, for instance by requiring participants to conform to reporting guidelines and/or
clearly stating where they will be reporting progress. Linear progress against the stated
targets was a key assumption of our analysis, and therefore companies should indicate
where their planned trajectory of reductions is expected to be non-linear. Standardisation
of the target-setting process, for instance in requiring the use of a particular baseline year,
would similarly level the playing field in terms of the relative ambition of commitments.
Whilst the initiative sets a high level of ambition for companies, it does raise the ques-
tion of whether involvement in the SBTi could defer or delay action on the part of national
governments with regards to corporate emissions. Voluntary action is often viewed as
a form of anticipatory action against future regulation. As previously highlighted, the
majority of participating companies are located in jurisdictions (i.e., Europe and North
America) which under the principle of common but differentiated responsibility should
be acting further and faster to reduce their emissions. This raises the question of whether
corporate voluntary initiatives such as the SBTi displace the incentive for national govern-
ments to regulate business emissions and whether the SBTi only drives the minimal level
of ambition. Such questions could valuably be addressed by further research.
As the scheme grows, more companies participate, and the time series of available
data increases, it may be possible to perform additional longitudinal analysis. In providing
access to the dataset underpinning this work, we encourage other researchers to build
on this contribution as future data becomes available. There is also scope for further
qualitative work in identifying motives for participation, and whether this has changed
corporate practice.
This analysis has highlighted that whilst most SBTs are indeed ‘on target’, this is, to
an extent, subject to the design of the target in question (i.e., scope and base year). Standar-
dising a target-setting process could improve the comparability of the commitments made.
Similarly, integrating a reporting requirement to the initiative could improve effectiveness
and signal that the commitments made are ‘substantive’ rather than ‘symbolic’ [7]. This
would enhance the critical role of the SBTi in aligning corporate carbon reduction with
action towards global decarbonisation.
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